This invention relates generally to the processing of 5 alcohol. In one aspect the invention relates to a process for the dehydration of a mixture comprising ethanol and water. In another aspect the invention relates to appara tus for dehydrating a mixture comprising water and ethanol. More specifically, but not by way of limitation, the invention relates to a novel combination of ordinary distillation and extractive distillation utilizing a selec tive solvent to recover anhydrous ethanol from feed stocks such as fermentation broths containing low con centrations of ethanol.
Typically, effluents from fermentation processes con tain alcohol concentrations in the range from about 6 to about 13 weight percent based on the total weight of the effluent, such concentration depending on the material or materials being fermented. The concentration o alcohol from such aqueous solutions is probably the earliest application of distillation since mankind devel oped an interest in alcoholic beverages long before chemistry or engineering were defined as science or skill.
Recovery of alcohol of high concentration from aqueous solutions by distillation is hampered by the alcohol-water azeotrope which is about 95.6 weight percent ethanol. This azeotrope can be broken by the addition of a third component, such as an organic sol vent or a strong salt. Both such distillations require a large amount of energy as well as a third separation step which is necessary for stripping water from the solvent or salt.
It has been shown by M. R. Ladisch and K. Dyck, in "Dehydration of Ethanol: New Approach Gives Posi tive Energy Balance', Science, Vol. 205, Aug. 31, 1979, pages 898-900 , that the energy required for the initial distillation of an aqueous solution of 12 weight percent ethanol escalates sharply as the product concentration exceeds the 85-90 weight percent range. As the product concentration approaches the azeotropic composition (about 95.6 weight percent ethanol) the energy required The present invention contemplates an integrated process in which the initial distillation ultimately rejects all the water removed in the process as kettle product, and ethanol is concentrated to no more than about 90 weight percent as the overhead product. This overhead product is yielded from the initial distillation step as a vapor and becomes the vapor feed to an extractive distillation step wherein the vapor is contacted with a selective solvent to remove the remaining water from the ethanol. Solvents which can be advantageously employed include glycols such as ethylene glycol, di ethylene glycol, trimethylene glycol, triethylene glycol, and tetraethylene glycol, glycerin, sulfolane, N-methyl pyrrolidone, phenylthioethanol, di-n-propyl sulfone and 1,4-butanediol, the most advantageous solvents being glycerin and ethylene glycol. Rich solvent from the solvent extractive distillation step passes to the solvent stripper from which the vaporous overhead product is injected into the fractionator at a suitable intermediate point and the lean solvent is returned to the extractive distillation column. It is an object of the present invention to improve the efficiency of production of anhydrous ethanol.
A further object of the invention is to provide an efficient and economical process for the production of anhydrous ethanol from fermentation broth effluents from fermentation processes.
Another object of the invention is to provide a pro cess for the production of anhydrous ethanol having reduced energy requirements.
Yet another object of the present invention is to in crease the energy efficiency of a distillation process for the production of anhydrous ethanol.
Still another object of the present invention is to provide a system for the efficient production of anhy drous ethanol.
A further object of the present invention is to provide method and apparatus for the production of anhydrous ethanol which are simple, efficient and reliable.
Other aspects, features, advantages and objects of the present invention will be apparent from the detailed description of the invention, the appended claims and the accompanying drawing in which:
FIG An energy-saving extractive distillation process for producing anhydrous ethanol in accordance with the present invention is based on data developed in the investigation of such extractive distillation solvents. As used herein the term anhydrous ethanol broadly in cludes a product comprising greater than 95.57 weight percent ethanol, preferably comprising at least about 99 weight percent ethanol, and most preferably comprising at least about 99.5 weight percent ethanol, based on the total weight of the product.
The selection of extractive distillation solvents in volves the screening of numerous solvents to determine their effectiveness in aiding the separation of the key components. The problem of estimating effectiveness of solvents is basically a matter of estimating activity coef ficients of the solutes in the presence of the solvents.
In recent years, many theoretical and empirical ap-25 proaches to solution behavior have been advanced which permit the preliminary estimation of activity coefficients in some mixtures. However, the behavior of solutions is far from being fully understood. Experimen tation on actual mixtures is still a widely used method for solvent screening, especially for the strong polar mixtures such as ethanol-water-glycols.
The following example describes a method by which solvents are screened in accordance with the present invention.
EXAMPLE I
In this example solvent screening was performed using a vapor-liquid Othmer-type equilibrium still. The capacity of the still was about 500 mL with a heated vapor-rising space in the upper portion thereof. The still was also equipped with a liquid thermowell and a vapor thermowell for obtaining temperature measurements respectively in the liquid and vapor within the still. An ethanol-water mixture containing 99 weight percent 45 ethanol based on the total weight of the mixture was mixed with a known amount of each solvent being resulting final mixture was fed into the still. During each run, the liquid portion of the still was completely submerged in a constant temperature bath where the temperature was controlled within -0.2 F. The tem perature of the vapor-rising space within the still was maintained at a few F. higher than the temperature of the liquid portion of the still to prevent partial conden sation of the vapor on the inner walls of the vapor-rising space. The temperature of the vapor-rising space was so maintained by means of electric heating tapes disposed about the outer surface of the still surrounding the vapor rising space. Liquid mixing in the liquid portion of the still was provided by a magnetic stirrer. The control temperature of the liquid portion of the still was 15 maintained attemperatures in the range from about 182 F. (83° C.) to about 239 F. (115° C.). After the whole system reached equilibrium in each run, a sample of about 0.5 mL of vapor condensate was removed from a vapor condensate reservoir in the upper portion of the still via a septum, and the sample was subjected to analysis. For each successive run, a known amount of water was added to the still to change the liquid composition of the ethanol-water mixture. This procedure was repeated in the evaluation of each solvent until the ethanol concentration in the still reached about 50 weight percent on a solvent-free basis.
For each run, the relative volatility of ethanol to water (a12) was calculated from the observed data, according to the following equation: (1) Operating pressures: 14.5 psia.
(2) All compositions are given on solvent-free basis.
4,559,109 (1) Operating pressure: 14.4 psia.
(2) All compositions are given on solvent-free basis. (1) Operating Pressure: 14.4 psia.
(2) All compositions are given on solvent-free basis. (1) Operating pressure: 14.2 psia.
(2) All compositions are given on solvent-free basis. (1) Operating pressure: 14.5 psia.
(2) All compositions are given on solvent-free basis. (1) Operating pressure: 14.4 psia.
(2) All compositions are given on solvent-free basis. (1) Operating pressure: 14.4 psia. (1) Operating pressure: 14.5 psia.
(2) All Compositions are given on solvent-free basis. (1) Operating pressure: 14.5 psia.
From the relative volatilities (a12) presented in the foregoing data, it will be seen that the glycols are more selective than other organic solvents with glycerin being the most selective solvent . FIG. 3 summarizes the ethanol-rich portion of the pseudo-binary VLE curves for all the tested glycols for comparison. It will be seen that the addition of the glycols as solvents breaks the ethanol-water azeotrope and changes the VLE curve favorably for distillation. The selectivity of these sol vents is proportional to the number of hydroxyl groups on the molecule and inversely proportional to the car bon chain length of the molecule. Also, the solvent selectivity is enhanced by the existence of oxygen in the carbon chain.
The operating temperature varied from about 198 F. (92 C.) to about 226 F. (108 C.) for the runs with the glycols as solvents, but the temperature variation is considered to be insignificant because the a12 values change only slightly with temperature. Since the oper ating pressure was kept essentially constant, it is consid ered that the recorded changes in a 12 values are caused only by the composition of the mixtures.
It should be pointed out that for each solvent screened, the runs were carried out under different solvent to ethanol-water ratios (S/F) with the highest ratio at the highest ethanol concentration as shown in Tables I through XI. The S/F ratio values were de creased gradually with decreasing ethanol concentra tion. Normally, the higher the S/F ratio, the higher the relative volatility a 12. This is not true, however, for ethanol-water mixtures where the strong dependency of a 12 on S/F ratio was only observed at high ethanol concentration (above the concentration of ethanol water azeotrope). At lower ethanol concentration, however, the value of a 12 is dependent of the S/F ratio and the data points can be fitted on a single curve re gardless of the S/F ratio value. An example of these The following is a calculated example illustrating the operation of the process and apparatus of the present invention.
EXAMPLE II
In this example ethylene glycol is used as the extrac tive distillation solvent for recovering dehydrated etha nol of 99.5 weight percent ethanol from a fermentation broth containing 11.9 weight percent ethanol. As shown in FIG. 6 , the McCabe-Thiele graphical design procedures are performed on the VLE curves based on the data from Table V Table XII. From the foregoing Example II, the following advan tages of the process described therein are as follows. With a suitable solvent, such as ethylene glycol, anhy drous ethanol can be produced from the fermentation broth in a column with eighteen theoretical trays. A low reflux ratio, such as 1.5, is needed for the separa tion, thus cutting down energy and investment costs. A low solvent-to-feed ratio, such as 0.27 (based on fermen tation broth), is required by the process. Only minor changes and low capital investment would be necessary to convert an existing distillation plant into a plant capa ble of performing the low energy process of the present invention.
From the foregoing it will also be seen that the instant invention provides an integrated process in which the initial distillation ultimately rejects all the water re moved in the process as kettle product, and ethanol is concentrated to a concentration in the range from about 80 to about 90 weight percent, and preferably to a con centration of from about 84 to about 86 weight percent. This overhead product is yielded from the initial step as a vapor and becomes the vapor feed to the extractive distillation step wherein the vapor is countercurrently contacted with a selective solvent to remove the re maining water from the ethanol. Any solvent which will provide the desired extractive distillation of ethanol in the process of the present invention can be employed. Such solvents include, for example, glycols such as ethylene glycol, diethylene glycol, trimethylene glycol, triethylene glycol and tetraethylene glycol, glycerin, sulfolane and 1,4-butanediol, and combinations of any two or more thereof. Best results are obtained from the employment of glycerin and/or ethylene glycol as the solvent in the process of the present invention. Rich solvent from solvent extraction passes to the solvent stripper from which the vaporous overhead product is injected into the fractionator at a suitable intermediate point and the lean solvent is returned to the extractive distillation column.
Modifications and variations of the invention as here inbefore set forth in the specification and shown in the drawings may be made without departing from the spirit and scope of the invention as defined and limited only by the following claims. distilling said feedstock under distillation conditions in a first distillation zone to produce a first liquid bottoms product and a first vapor overhead stream comprising ethanol and water; introducing at least a portion of said first vapor over head stream into an extractive distillation Zone; contacting said thus introduced first vapor overhead with a selective solvent in said extractive distilla tion zone under extractive distillation conditions to thereby produce a second liquid bottoms product comprising water and said selective solvent and to thereby produce a second vapor overhead stream comprising greater than 95.57 weight percent etha nol based on the total weight of said second vapor overhead;
introducing at least a portion of said second liquid bottoms product comprising water and said selec tive solvent into a solvent stripper zone; separating said second bottoms product under solvent stripping conditions in said solvent stripper Zone into a third vapor overhead stream comprising water and ethanol and a third liquid bottoms prod uct comprising said selective solvent; and introducing at least a portion of said third vapor over head stream into said first distillation zone.
2. A process in accordance with claim 1 wherein said solvent stripping conditions include a subatmospheric pressure.
3. A process in accordance with claim 1 wherein said solvent stripping conditions include a temperature above the boiling point of water and below the boiling point of said selective solvent.
4. A process in accordance with claim 1 wherein said selective solvent consists essentially of a composition selected from the group consisting of ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene gly col, trimethylene glycol, glycerin, sulfolane, 1,4-butan dediol, N-methyl pyrrolidone, phenylthioethanol, di-npropyl sulfone, and combinations of any two or more introducing at least a portion of said third bottoms product stream into said extractive distillation 2O. 8. A process in accordance with claim 7 wherein said feedstock consists essentially of fermentation broth.
9. A process in accordance wtih claim 1 wherein said feedstock consists essentially of fermentation broth and said selective solvent consists essentially of a composi tion selected from the group consisting of ethylene glycol, diethylene glycol, triethylene glycol, tetraethyl ene glycol, trimethylene glycol, glycerin, sulfolane, 1,4-butanediol, N-methyl pyrrolidone, phenylthioe thanol, di-n-propyl sulfone, and combinations of any 12. A process in accordance with claim 1 wherein said first vapor overhead comprises ethabol in the range from about 85 to about 90 weight percent based on the total weight of said first vapor overhead.
13. A process in accordance with claim 1 wherein said second vapor overhead comprises at least about 99 weight percent ethanol based on the total weight of said second vapor overhead.
14. A process in accordance with claim 1 wherein said second vapor overhead comprises at least about 99.5 weight percent ethanol based on the total weight of said second vapor overhead. 
